Following the publication of 'European Spatial Development Perspective' in 1999, a large number of theoretical and empirical studies have been carried out on polycentric spatial development especially in European settlements. The relationship between polycentricity and economic competitiveness, environmental sustainability and social cohesion are some of the main concerns of these studies. This study aims to clarify 'the meaning of polycentricity' in the case of Turkey, as a developing country and analyse the relationship between polycentric spatial development and economic competitiveness, environmental sustainability and social cohesion. After calculation of morphological polycentricity of the regions at NUTS-5 level, the propositions on the positive effects of polycentric spatial development on economic competitiveness, environmental sustainability and social cohesion is tested by using Pearson correlation and OLS regression models. The results of the empirical study are mixed for these three subjects. Polycentric spatial development has not positive effects on economic competitiveness and social cohesion in Turkey case. Conversely, a positive effect exists in terms of environmental sustainability. It can be said, that to reach those policy aims highlighted by European Spatial Development Perspective, could not be realised by only taken into account polycentric spatial development in Turkey case. Highlights for public administration, management and planning:
Introduction
The concept of polycentric spatial development has become popular in both academic and professional debates last four decades. The concept is not new, and different studies for clarifying the concept have been carried out since the mid-twentieth century. Especially, the studies of the Chicago School in urban sociology are very critical in the conceptualization of urban spatial structure (Davoudi 2003) . The concept of polycentricity was first conceived by Harris & Ullman as 'multiple nuclei cities' (Harris and Ullman 1945) , and after that study some other important studies were realized on the concept. European spatial planning literature and policy documents became the pioneer of these studies (EU Commission 1999) . Polycentricity can be seen in an urban territory that has several activity centres' clusters (Anas et al. 1998) . This spatial form is a repercussion of decentralised economic activities, which resulted in complex cross-commuting flows among fragmented spatial formations (Davoudi 2003) . Polycentricity can also be defined at different spatial scales (international, national, regional, metropolitan area or mega, macro and meso) (Kloosterman & Musterd 2001; Davoudi 2003; Unit E.C. 2004; Waterhout et al. 2005) . 'Meso' level has been traditionally been applied to the intra-urban agglomerations, while 'macro' level is more recently used, focusing on inter-urban scale (multiple centres in a region). The third level is 'mega' level, which refers to interregional scale and it has also been added currently with the effects of to the spatial development strategies of EU (Davoudi 2003) . Polycentric spatial development has many different dimensions. Two of them i.e. analytical and normative dimensions, are very critical that has to be explained briefly. The analytical dimension should be mentioned first; it aims to to describe, measure and characterise the current state of a spatial entity by pinpointing how far a country or a metropolitan area can, for instance, be said to be 'polycentric ' (Nordrigio 2004:14) . Analytical dimension of the polycentricity as describing a specific spatial structure at a certain point in time can be divided into a morphological and a functional dimension. Secondly, the concept can be understood in a normative sense which could help for instance in reorganising the spatial configuration of such an entity (i.e. either to promote/create polycentricity or to maintain/utilise the current polycentric setting) (Nordrigio 2004:14) . Especially, European Spatial Development Perspective (ESDP) has always promoted a normative approach to polycentricity as a preferred spatial structure due to its ability to encourage a regionally balanced development across the EU. With this argument, polycentricity is accepted as a key tool for economic competitiveness, social cohesion and environmental sustainability. According to Davoudi (2003:996) , prior to the emergence of the ESDP, polycentricity had been used as a descriptive and analytical tool in spatial planning; after the ESDP, polycentricity became a prescriptive and normative model for spatial development. These propositions of ESDP, which are also main concerns of this study, "often lack a theoretical rationale and, even more importantly, they have not been sufficiently corroborated through appropriate empirical investigations" (Veneri & Burgalassi 2012 :1018 . Therefore, the consolidated wisdom about the supposed advantages of polycentric regions appears to be at least questionable and unclear (Burgalassi 2010:39) . On the other hand, the concept has nevertheless retained its 'buzzword' status in spatial planning at the EU level and in many of the EU Member States (Meijers 2008) . From this point of view, this study aims to clarify 'the meaning of polycentricity' in the case of Turkey, as a developing country and analyse the relationship between polycentric spatial development and economic competitiveness, environmental sustainability and social cohesion. For this aim, degree of polycentricity is measured at a NUTS-5 regional level in Turkish case and then Pearson correlation and OLS regression analyses are realized to investigate these relationships. This study is based on the both dimensions of the polycentricity (analytical and normative). The clarification of the existing spatial structure of Turkey is based on the analytical dimension of the concept. On the other hand, testing the propositions of ESDP on the positive effects of polycentric spatial development on economic competitiveness, environmental sustainability and social cohesion refers to the normative dimension of the concept. The paper is organised as follows: after introduction, second section gives introductory information about the different spatial scales and methodological approaches of the polycentricity concept. Third section explains different measurement techniques of polycentricity. Fourth section clarifies the relationship between regional polycentricity and economic, social and environmental conditions by using correlation and regression analyses in Turkey case. The results of the empirical study and possible planning and policy implications for Turkey, are discussed in Section five, which concludes. This study adds on to the national and international polycentricity debate, where the the number of studies directly focused on the measurement of the degree of polycentricity at micro-regional scale is rather limited (Sýkora & Mulíček 2009; Malý 2016; Vasanen 2013) . Additionally, there is not an empirical analysis on the relationship polycentricity and economy, environment and social life in Turkey case. For these reasons, the contributions of this study are very critical.
Literature review

Defining polycentricity
Despite increasing popularity of the polycentricity in last decades, the concept is not new. According to Davoudi (2003) polycentricity is one of the spatial repercussions of todays' more dynamic, more complex and more decentralised urban structure. The polycentric settlement form, which is commonly accepted as an opposite spatial form of monocentricity, is mostly connected to the Central Place Theory. The theory describes hierarchy of cities according to their main marketing, transportation and admistrative service areas (Christaller 1933) .
The last four decades witnessed a creation of different types of worldwide web linkages among economic actors. Consumers, producers, investors and workers are connected each other not only by physical ways but also by virtual ways (Kloosterman & Lambregts 2001) . This process, i.e. globalization, has transformed the spatial organization of settlements. In other words, with the rise of the informational economy, a spatial transformation has been seen in both region and urban space. The processes of spatial reconfiguration that take place on a global scale redefine cities' position in networks according to their role in the world economy (Taylor 2003) . On the other hand, an important transformation has taken place in economic activities' geographies at different spatial scales (i.e. global, national, intra-regional, regional, intrametropolitan scales and etc.). Advanced service activities traditionally located at central business districts (CBDs) are now relocated in peripheral areas (Van Criekingen et al. 2007) , that means they are leaving their 'natural environments'. This spatial reconfiguration process can be interpreted there is a transformation from monocentric spatial structure to polycentric ones. The monocentric city, which was first conceptualized by Alonso in 1964, is mainly based on the principles of Burgess' and Park's 'concentric zone theory'. According to the concentric zone theory (Burgess 1925) , the morphology of a city is characterized by several functionally distinct zones, together forming several concentric rings: the CBD, the zone of transition, the working class zone, the residential zone, and the commuter zone. The CBD is occupied by department stores, main offices, local government headquarters, banks, theatres and cinemas, and expensive shops (Tian et al. 2010:249) . During these years, concentration of economic facilities in CBD and residential areas in suburb resulted in high commuting flows on radial routes from suburb to CBD (Lin et al. 2013 ). In the mid of 20th century, with the effects of increase in the information and communication technologies, the ratio of employment opportunities in the CBDs of mega cities began to decrease over time and disperse to the newest growth areas located outside of the CBD (Borsdorf et al. 2016) . Over the years, it became obvious that the spatial configuration of many metropolitan areas transformed from the monocentric spatial structure to the polycentric ones in which daily trips realised to new economic agglomerations taken place outside the main CBD (Bertaud 2003; Zhao et al. 2017 ). As mentioned above, there are different studies on polycentric spatial development, but it is still a fuzzy concept. Polycentricity is generally described as an even distribution of human activities in more than one centre in an area (Kloosterman & Musterd, 2001) . It is an urban system with containing interdependent several nodes that are independent from each other and interacting in different types of flows (Limtanakool et al. 2009; Parr 2004) . In sum, polycentricity is opposed to monocentricity. Monocentric spatial structure has a single centre and main economic activities, service facilities and management activities are realised from the centre. Polycentricity is also opposed to uncontrolled urban spatial expansion and urban sprawl (Varol et al. 2017) . Actually, the argument of the Nordreigo, in European Spatial Planning Observatory Network (ESPON) report (2004:3): ".. polycentricity is about promoting the balanced and multiscalar types of urban networks that are most beneficial from a social and economic point of view, both for the core areas and for the peripheries". The popularity of polycentricity has been increasing in recent years. European spatial planning literature and policy documents that emphasize the positive effects of polycentricity can be one of the reason increase in the popularity of the concept. According to the ESDP, in order to create synergies and cooperation among cities, polycentricity is a key concept in spatial planning policies (Nordregio 2004) . ESPON program also emphasizes the polycentricity as a core topic. In Nordregio's ESPON final report (2004) , polycentricity is very crucial spatial planning policy that should be preferred to overcome uneven regional development, economic competitiveness and sustainability.
Measurement of polycentricity
Polycentricity is generally analysed from two different dimensions: the morphological (Lambooy 1998; Parr 2004; Meijers 2008 ) and functional (Lin et al. 2015) dimensions (Parr 2004; Green 2007; Meijers 2008; Burger & Meijers 2012; Veneri & Burgalassi 2012) . Some researchers consider polycentricity as a completely physical phenomenon and use morphological analyses in their studies. These analyses are based on the specific characteristics of the region, i.e. size and territorial distribution. Functional dimension of polycentricity, on the other hand, focuses on flows among different centres, which give information about their interdependencies and interrelations. The functional analyses usually emphasize flows of goods, people, information, services, economic interactions and etc. To learn about the organizations, interactions and supply- (2016) demand relations among these centres (Brezzi & Veneri 2015) . In other words, these analyses usually clarify how these centres organize the rest of the region. It should be pointed out that, there are diverging methodologies in measurement of polycentricity. While some of the researchers select either one of the two dimensions, the others prefer using both dimensions and create a new multidimensional approach (Sinclair-Smith 2015) . In this study, because there is no committing flow data in municipality level in Turkey, morphological polycentricity is selected as methodology for measurement of polycentricity. There are several techniques in measurement the degree of morphological polycentricity, but the most popular techniques are 'Primacy Index' and the 'Rank-Size Rule Method/Rank-Size Distribution'. Primacy index (Adolphson 2009; Burger et al. 2011 ) is calculated as the ratio of people living in the main/principal city and total population of the region. Primacy index, which is presented in equation (1), is focused on the balanced distribution in the nodality scores. The higher the primacy index, the more monocentric the region.
A more complicated measurement model is ranksize rule. This model has been used since the 1960s in urban geography. The focus of this model is to rank cities according to their size in the region. Population and economic production is generally used in the measurement of settlement (SinclairSmith 2015) . The equation (2) of the rank-size rule is:
The slope of regression line-given in the equation (2), the estimated β, is derived by using ordinaryleast-squares log-log rank-size regression method like in the studies of Meijers (2008) and Burger & Meijers (2012) . Hierarchical level and polycentricity level within a region can be indicated: the lower the estimated β, the lower the level of polycentricity.
In other words, a flatter downward slope of the regression line indicates a more polycentric region (Burger et al. 2014:826) 
Methods and Data
The methodology of the study consists of four steps. The first step is determination of spatial scale of the empirical analysis. The second one is the measurement of degree of polycentricity of each regions. The third step involves selecting the independent variables for economic performance, social cohesion and environmental sustainability and the last step is to calculate the degree of the relationship between polycentricity and selected variables by using Pearson correlation and OLS regression analyses. Determination of spatial scale/territorial units is very important in polycentricity studies. In each spatial scales, polycentricity has different meaning and different analytical framework (Unit E.C. 2005). in this study, 'city', which refers to municipality in Turkish institutional definition, is used as a territorial unit. The municipality (NUTS-5 level) that has more than 20.000 inhabitants is taken as a basic unit of analysis for the measurement of regional polycentricity. As mentioned in the study of Veneri & Burgalassi (2012) when considering polycentricity in terms of NUTS-2 regions, using municipalities as a territorial unit, makes the estimations very reliable than other spatial units and enables the regional polycentric development to be more thoroughly characterized. There are 26 NUTS-2 regions in Turkey and 604 municipalities (in level NUTS-5) more than 20.000 inhabitants (Figure 1 ). So as to evaluate the polycentricity of individual regions, primacy index and the rank-size distribution analyses are realized in the second stage of the study. In addition to these two analyses, a mono/polycentricity index is calculated to reach an overall value for each individual region. According to Meijers & Sandberg (2006:10) , to construct an overall indicator for these two methods:"…. Table 3 shows the results of mono/polycentricity index, lower values indicate more polycentric and higher values indicate more monocentric urban systems. After determination of regions' polycentricity degrees, independent variables for economic performance, social cohesion and environmental sustain- Table 1) . The fourth and the final stage includes the evaluation the relationship between degree of polycentricity and economic competitiveness, social cohesion and environmental sustainability by using correlation coefficients and OLS regression analyses. These analyses are realized by using SPSS (Statistical Package for Social Sciences). After calculating correlation coefficients among variables, regression analyses are realized. Three different models are used to specify feature of spatial structure of regions in the analysis. While, Model (1) takes into account the slope of the regression line of ranksize calculations (beta), Model (2) considers primacy index and Model (3) includes both primacy index and rank-size rules results as mono/polycentricity index. Using these different spatial specifications helps to interpret results with more robustness (Brezzi & Veneri 2015) . It should be emphasized that these models are not an attempt to distinguish the most explanatory factors or to provide the most exhaustive list of those explaining the persistence of economic performance, social cohesion and environmental sustainability. Rather, it is interested in examining whether the findings from the analysis of correlations are still held when the influence of a number of other explanatory variables are controlled. 
Results
Morphological polycentricity in Turkish regions
The degree of the polycentricity in Turkish regions are calculated by using primacy index, rank-size rule and mono/polycentricity index in this study. According to the rank-size distributions, the slope of regression line, (estimated beta), which gives information about the degree of polycentricity within a region. The higher the value of estimated beta means a flatter slope of line interpolating data that indicates a higher the level of polycentricity (Figure 2) . The results of rank-size distribution analysis show that, TR10 (Istanbul), which is most populated city in Turkey and has 38 NUTS-5 regions (municipalities more than 20.000 inhabitants), is the most polycentric city in Turkey (Table  2) . This result means, the gap among municipalities in terms of population distribution in Istanbul is smaller than other cities in the country. The most monocentric city, on the other hand, is TR51 (Ankara), the capital of Turkey. the slope of regression line in the rank-size distribution is steeper than other cities, the population gap is higher, and hierarchical population structure exists in the city. Primacy index describes the dominance of the prime city in relation to the region: the higher the primacy, the more monocentric the region. Primacy index shows the ratio of people living in the main city (i.e., the principal city) and the total population the city. Table 2 shows the results of primacy index. TR10 (İstanbul) is the most polycentric city in Turkey, as similar the results of in ranksize distribution. Population distribution is more balanced in TR10 relative to other regions. TRC1 (Gaziantep, Adıyaman, Kilis) on the other hand, the most monocentric region, that means the nodality score is very high. In addition to these two analyses, a mono/polycentricity index is calculated to reach an overall value for each individual region with reference to the studies of Meijers & Sandberg (2006) . The most monocentric region, according to the results of this overall mono/polycentricity index, is TRC1, similar to primacy model. Ankara, capital city is the second monocentric region according to this index. The degree of polycentricity of TR10 (Istanbul), which is the most polycentric region in both primacy index and rank-size distribution models is not change in this analysis. TR10 is the most polycentric region according to the index of mono/polycentricity (Table 3) . 
Correlation and regression analyses
After determining degree of polycentricity in Turkey, correlation and regression analyses are realised in this stage. The results of analyses on relationship between polycentricity indicators and economic performance, environmental sustainability and social cohesion will be given below. Table 4 gives the outcomes of correlation analysis and Table 5 illustrates OLS estimation results for different model specifications. as mentioned above, according to the ESDP polycentric spatial development is a key factor to determine economic development (Unit E.C. 2004) . In order to test this proposition in Turkey case GDP and labour productivity are selected as dependent variables. The correlation among polycentricity indicators and economic performance variables is determined before the regression analysis (Table 4) . First off all, it has to be mentioned that, the correlation among dependent variables and polycentricity indicators are very weak. On the other hand, labour productivity and GDP correlate negatively with primacy and mono/polycentricity index and the degree of these correlations are the highest ones compare to all other variables. There is also a slight positive correlation between GDP and rank-size distribution. The results of regression analysis confirm this association between GDP and all indicators of polycentricity (Table 5 ). The negative correlation between labour productivity and rank-size distribution is also seen in the regression analysis results. All in all, the results of correlation and regression analyses are mixed and all these analyses' results would suggest that the polycentricity have poor and negative influences on regional economic performance in Turkey case. Fig. 6 The levels of morphological polycentricity in the Turkish NUTS-2 regions -Polycentricity index 
Economic performance
Environmental sustainability
In order to verify to what extent environmental sustainability and polycentricity are associated in terms of land use configurations, different environmental sustainability variables were chosen (Table 4, Table 6 ). Polycentricity means more land in need for urban fabric. for this reason, the number of new building licences is selected as dependent variable. There is a slight positive correlation in particularly evident when accounting the ranksize distribution, but on the other hand, highly negative correlation exists in terms of primacy index and mono/polycentricity index. These results (both signs and degree of relationships) are confirmed in regression analysis and this would suggest that the land demand does not highlight a role for polycentricity. Air pollution is another dependent variable and it negatively correlates rank-size distribution, on the contrary, positively correlates primacy index and mono/polycentricity index. Similar trend can be seen in regression analysis. But the association between air pollution and rank-size distribution is relatively high. That would suggest the more polycentric the region the less air pollution exists.
Social Cohesion
According to ESDP the polycentric spatial development supports equal distribution of income. To test this idea, the Gini index, which measures the extent of distribution of income within an economy.
The results of correlation analysis show that income distribution correlates negatively rank-size distribution and primacy index, but positively mono/polycentricity index (Table 4 ). The result of correlation is also consistent with primacy index from regression analysis. The association between income distribution and primacy index is significantly high and negative, similar results can be seen for mono/polycentricity index (Table 7) . These findings show that the more polycentric the region the more unequal the income distribution in Turkey case. Although these results are different from ESDP conclusions, similar results are supported in the studies of Meijer and Sandberg (2008) and Veneri and Bulgarassi (2012) .
Concluding remarks
Polycentric spatial development, which is highly supported by ESDP and is becoming more popular, is the main concern of this study. Although not as clear and planned as in European countries, it is observed that, some of the metropolitan cities in Turkey are also evolving from monocentric spatial structure to polycentric ones (Sat 2018) . Nevertheless, there is very limited empirical evidence on the measurement of this spatial evolution at micro-regional scale in Turkey. From this point of view, this study aims to clarify the degree of polycentricity in Turkey, and to find out the relationship between polycentric spatial development and economic competitiveness, environmental sustainability and social cohesion in Turkish case. The results of the empirical study are mixed for these three subjects.
There is no strong relationship between polycentricity and economic competitiveness; the results would suggest that the polycentricity have poor and negative influences on regional economic performance in Turkey case. This should also mean that linkages among cities/regions in Turkey are not strong enough to enhance economic integration. As emphasized in the Nordregio (2004:20) "an urban region can improve its economic performance through better co-operation and improved links within the region". Thus, the common planning strategies, which clarify the roles of each settlement in economic and social cooperation and service provision, should be determined in a more comprehensive way. Polycentricity means more land in need for urban fabric. The land demand, as one of the indicators of the environmental sustainability, does not highlight the role for polycentricity according to the results of the empirical analysis. However, the association between air pollution and rank-size distribution is relatively high, suggesting the more polycentric the region is the less air pollution it displays. With this suggestion, the promotion of ESDP is supported in environmental sustainability subject. One of the interesting findings of the empirical study is that the more polycentric the region the more unequal the income distribution in Turkey case. Although these results are different from ESDP conclusions, similar results are supported within the studies of Meijer and Sandberg (2008) and Veneri and Bulgarassi (2012) . All in all, empirical analyses of this study show that reaching the policy aims highlighted by ESDP could not be realised by only taken into account polycentric spatial development in Turkey case. Whilst, this study provides new insight for both the national and international polycentricity debate, because of its spatial scale and case study area. Actually, there is a very limited number of study directly focused on the measurement of the degree of polycentricity at micro-regional scale and on the relationship polycentricity and economy, environment and social life. On the other hand, studies on polycentricity are generally focused on European regions and cities. For this reason, studying spatial development pattern in a developing world, should give different perspectives for both academics and professionals.
